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Attention-deficit hyperactivity disorder (ADHD) is a complex neurodevelopmental dis-
order that implies several-step process, and there is no single test to diagnose both 
ADHD and associated comorbidities, such as oppositional-defiant disorder (ODD), 
anxiety disorder, depression, and certain types of learning disabilities. The purpose of 
the present study was to examine correlations between behavioral and clinical symp-
toms by administering an extensive neuropsychological battery to a sample of children 
and adolescents from a developing country. The sample was divided into three groups: 
non-ADHD, ADHD-non-comorbid, and ADHD + comorbidity. A full neuropsychological 
battery and clinical assessment found that 105 children met DSM-5 criteria, of whom 
46.6% had the predominantly inattentive presentation, 37.3% had combined presen-
tation, and 16% were predominantly hyperactive/impulsive presentation. The internal 
correlation between neuropsychological tests did not reach statistical significance 
in the comparison between ADHD and non-ADHD cases (p <  0.17). Clinical ADHD 
cases, including both + comorbidity and non-comorbid groups, performed substantially 
worse on continuous performance test (CPT), working memory. Comparing ADHD-non-
comorbid and ADHD + comorbidity groups, the latter did significantly worse on inhibitory 
control, time processing, and the level of perseveration response on CPT indexes, as 
well as on working memory performance and child behavior checklist (CBCL) tests 
particularly the CBCL-deficient emotional self-regulation test in the ADHD + comorbidity 
group. Children diagnosed as ODD or with conduct disorder showed close correla-
tions between clinical CBCL profiles and externalized symptoms. Our findings suggest 
that ADHD + comorbidity and ADHD non-comorbid cases may be differentiated by a 
number of neuropsychological measures, such as processing speed, inhibitory control, 
and working memory, that may reflect different levels of involvement of the hot and 
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inTrODUcTiOn
Attention-deficit hyperactivity disorder (ADHD) affects 
approximately 5.9 and 7.1% of children and adolescents across 
different cultures and are characterized by persistent pattern of 
inattention, hyperactivity, and/or impulsivity (1, 2). The lack of 
a gold-standard protocol for clinical and neuropsychological 
assessment of ADHD reinforces the need for studies that establish 
objective multiple variables and help decide which tools will be 
most appropriate for the diagnosis of ADHD.
Several studies showed a high prevalence of comorbidities of 
approximately 20–50% (3, 4), and children with ADHD tend to 
present learning difficulties, behavioral and conduct disorders 
(CDs), mood and motor problems, and delayed development of 
speech (5). Associations with comorbidities, such as oppositional-
defiant disorder (ODD), anxiety disorder (AD), depression 
disorder (DD), and learning disabilities (LD) require a more 
comprehensive multidisciplinary assessment. Many researchers 
believe that the diagnoses based on the DSM-IV are over-diag-
nosing because many children would be excluded by broadening 
the scope of assessment through detailed neuropsychological 
testing to delimit the areas involved, such as selective, alternat-
ing, and sustained attention, in addition to common executive 
dysfunctions in ADHD (6). Many studies have recommended a 
neuropsychological evaluation for diagnostic and complemen-
tary determination of ADHD cases (7). Sustained attention tests, 
such as the continuous performance test (CPT) (8, 9) in addition 
to a broad spectrum of cognitive tests, scales, and questionnaires, 
have been used to determine specific deficits with emphasis 
on predominant disorders in associative areas not only related 
to attention but also related to executive functions (EFs), such 
as functional memory and cognitive flexibility. Consequently, 
Conners’ CPT provides 15 measurements that potentially reflect 
different dimensions of attention. Furthermore, few studies 
applying Conners’ CPT have used the full potential of the test to 
analyze several dimensions of attention (9).
Convergent data from various sources, including neuroimag-
ing, neuropsychological, genetics, and neurochemical studies, 
have generally implicated fronto-striatal network abnormalities 
as contributing to ADHD (10, 11). Studies have shown regional 
abnormalities including lower volume of the basal ganglia (puta-
men, globus pallidus, and caudate nucleus) in ADHD (11, 12), 
which is in accordance with the fronto-striatal models patho-
physiology of this disorder (13). Nakao et al. (14) also identified 
a reduction in the overall volume of gray substance in the group 
with ADHD.
Abnormal brain networks can be related to this addi-
tive substrates of the observed synergistic dysfunctional 
neuropsychological performance present in the ADHD+ cases. 
Left dorsolateral prefrontal cortex (DLPFC) and anterior cingu-
lated cortex (ACC) have been associated with interference control 
assessment, work memory, and EF (15). It is well established that 
DLPFC and ACC are key impaired brain areas in ADHD (16). 
The most replicated alterations in childhood include significantly 
smaller volumes in the DLPFC, caudade, pallidum, corpus cal-
losum, and cerebellum (17).
A child behavior checklist (CBCL) (18) profile has been 
identified that characterizes children with significant clinical 
symptoms of aggression, attention/hyperactivity problems, and 
anxiety/depression (19, 20). Moreover, cross-sectional and short-
term follow-up studies have shown that a CBCL profile is stable 
throughout childhood (21) and is associated with increased risk 
of cognitive problems (11, 22) and severe disruptive behavior 
disorder (23–26). The CBCL is a broad spectrum inventory that 
records, in a standardized format, the behavioral and emotional 
problems and competencies of children aged 4–18, as reported by 
their parents or parent surrogates. It is scored on social compe-
tence and behavior problem scales (25).
Child behavior checklist scores may provide useful informa-
tion for differential diagnosis when used in combination with 
other clinical data (e.g., background information, clinical obser-
vations, and other assessment data) (27). Biederman et al. (28) 
suggested that poor emotional self-regulation relates to difficulty 
in the regulation of physiological arousal in many situations, 
such as the presence of strong emotions, difficulty inhibiting 
inappropriate behaviors in response to positive or negative emo-
tions, difficulty refocusing attention due to strong emotions, and 
disorganized behavior in response to emotional activation.
Biederman et al. (28) and Spencer et al. (29) sought to better 
discriminate between different levels of difficulty severity in rela-
tion to poor emotional self-regulation among ADHD children 
and adolescents. For this purpose, they used CBCL scales for 
anxiety/depression, aggression, and attention problems, they 
defined deficient emotional self-regulation (DESR) if a child 
had an aggregate cut-off score of >180 but <210 on the anxiety/
depression, aggression, and attention scales of the CBCL (CBCL-
DESR). This criterion was chosen due to congruence with the 
clinical concept of DESR, and because the high end (>210) had 
previously been associated with severe mood and behavioral 
dysregulation in ADHD children.
Other behavioral rating scales may also be useful to assess 
ADHD children in ecological contexts (family and school), 
including the Conners’ rating scaling (30), the ADHP rating 
scale (31), and the attention-deficit disorders’ evaluation scale 
(ADDES) (32). However, the issue of which tools are most 
appropriate and sensitive for the clinical heterogeneity of ADHD 
cool executive domains, which are more impaired in cases of severe symptomatic-ex-
ternalized behavior and emotional regulation problems. Therefore, profiles based on 
clinical and behavioral findings can help clinicians select better strategies for detecting 
neuropsychological impairment in Brazilian children with ADHD.
Keywords: comorbidities, aDhD, cBcl, Desr-cBcl, neuropsychological profile
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remains controversial, as is the delimitation of the clinical and 
neuropsychological indicators used to assess children and adoles-
cents with suspected ADHD. Few studies in children suggest that 
ADHD with comorbidities might promote synergistic neuropsy-
chological deficits when compared to ADHD only, especially in 
processing and naming speed, working memory, and response 
inhibition (33, 34). In fact, few studies conducted a direct com-
parison between children with ADHD alone or comorbid includ-
ing differences in CBCL-DESR in developing countries (28, 29).
Thus, our primary objective was to examine correlations 
between behavioral and clinical symptoms by administering 
an extensive neuropsychological battery to a sample of ADHD 
children and adolescents with and without comorbidities in a 
sample of Brazilian children.
MaTerials anD MeThODs
Ethics committee approval was obtained as was all parents’ 
informed consent before enrollment.
One hundred and twenty-four children aged 6–14 were 
selected through voluntary enrollment by parents attending the 
ADHD Outpatient Sector at NANI-UNIFESP following com-
plaints of restlessness, attention difficulties, and/or impulsivity. 
They were then asked to attend an individual trial interview. 
Children who met the inclusion (at least 6 DSM-5) for hyper-
activity and/or 6 for inattention (starting before the age of 12) 
were referred to a multidisciplinary assessment schedule, which 
consisted of medical and neuropsychological evaluations, as well 
as social, neurological, and psychiatric examinations and family 
assessment. All the children were not taking medication in the 
period of evaluation.
The neuropsychological battery included:
 (1) Intellectual level: Wechsler Intelligence Scale for Children 
abbreviated WISC-III (35).
 (2) EACIP scale (36): teachers assessed five main areas of child 
behavior: hyperactivity/conduct problems (EACIP-I), inde-
pendent functioning (EACIP-II), inattention (EACIP-III), 
neuroticism/anxiety (EACIP-IV), and social interaction 
(EACIP-V).
 (3) Conners’ CPT (37): computerized test of sustained attention 
and mental flexibility.
 (4) Working memory (38): (a) forward and backward digit 
span assesses the phonological loop component of working 
memory and (b) forward and backward Corsi blocks assesses 
the ability to reproduce a sequence of stimuli (blocks) in a 
visual–spatial design assessing the sketchpad component of 
working memory.
 (5) Rey figure: assesses visual-constructive functions (Rey copy) 
as well as visual memory (Rey memory) when subjects draw 
a complex figure from memory (39).
 (6) The widely used CBCL, which takes parent-reported data 
for 112 behavioral problems and three areas of competency 
(40), has been translated into Portuguese and validated for 
Brazilian children (41). Parents (usually mothers) or guard-
ians were asked to complete the CBCL as a part of the evalu-
ation process before the final clinical diagnoses. DESR was 
characterized when a child had an aggregate cut-off score of 
>180 but <210 on the anxiety/depression, aggression, and 
attention scales of the CBCL (CBCL-DESR ADHD) (42).
Using our interdisciplinary criteria, the ADHD diagnosis was 
based on DSM-5 and neurologic and psychiatric evaluations. The 
diagnosis of psychiatric comorbidities was based on the CBCL and 
one structured psychiatric interview. In relation to comorbidities, 
the assessment was conducted by two board-certified doctors (a 
psychiatrist and a neuropediatrician) with great experience (over 
25 years) in clinical evaluation and research. Data were collected 
over 2 days of testing. At the end of this evaluation, their cases were 
discussed by the service team, and the diagnoses were established. 
All diagnostic uncertainties were resolved by excluding cases in 
which cognitive and clinical data were non-congruent. Children 
presenting symptoms of inattention, hyperactive-impulsivity, and 
ADHD combined with comorbidities (ADHD + comorbidity) or 
without comorbidities (ADHD-non-comorbid) were included in 
the study.
statistical analysis
Clinical and neuropsychological test scores were compared 
using multivariate analysis of variance, followed by Tukey’s 
test and Pearson’s correlation coefficient to assess correlations 
between clinical and neuropsychological variables. Three groups 
were compared: non-ADHD, ADHD-non-comorbid, and 
ADHD + comorbidity. All tests were two tailed, and alpha was 
set at 0.05.
resUlTs
Most children were males (70; 66.6%). The average age was 
7 years and 7 months and ranged from 6 to 12 (SD 1.6). In rela-
tion to DSM-5 ADHD, 105 (68.1%) children met at least 6 criteria 
for inattentiveness and/or hyperactivity; 49 cases (46.6%) were 
predominantly inattentive presentation; 39 (37.3%) showed 
hyperactivity and inattention symptoms combined (combined 
presentation); and 17 (16%) showed predominantly hyperactivity 
plus impulsivity presentation. Of the remainder of the 154 chil-
dren, those not meeting ADHD criteria were 49 (31.9%), of 
whom seven presented learning disabilities (14.3%), 10 (20.4%) 
had altered family dynamics, 16 (32.6%) had adaptive disorders, 
and 16 (32,6%) had a mental deficit (QI < 85) (see Table 1). Of 
the 105 children with DSM-5 ADHD for inattentiveness and/
or hyperactivity, 46 (44%) presented comorbidities, 30 (66.6%) 
presented AD, 11 (24.2%) had ODD, and 3 (9%) had CD. With 
regards to mood disorders, the study found four (9%) cases of 
bipolar disorder (BD), and four (9%) met the criteria for severe 
DD (Table 1).
In terms of global cognitive performance, the average IQ was 
100 (range from 85 to 126).
In relation to performance on the CPT, ADHD children had 
more difficulty with omission, commission, reaction time, vari-
ability, and perseverance than non-ADHD children. However, 
the number of omissions was significantly higher for children 
from the inattentive group than the combined group, which sug-
gests the omission measure may be a differential criterion. In fact, 
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44% of ADHD+ comorbidity children met the criteria for DESR 
in ODD (11 patients), CD (3 patients), BD (4 patients), and AD 
(28 patients).
Table 2 shows the correlations for clinical symptoms of inatten-
tiveness (>6 DSM-5), hyperactivity, and impulsivity (>6 DSM-5), 
who were the only ones presenting a significant correlation for 
omission, Hit RT (SE), Hit RT block change, and variability score. 
Children with impulsivity presented lower variability in response 
style (−0.54). No difference was found for other CPT measures in 
the group of predominantly inattentive or hyperactive children.
Table  3 shows correlations between CPT measures and 
neuropsychological tests for children with ADHD (combined 
and inattentive). A negative correlation (−0.64) was found 
between forward and backward digit spans (phonological work-
ing memory) and omission scores (−0.65, −0.63). There was 
also a negative correlation between reaction time (Hit RT and 
Hit RT SE) scores and forward digit span (−0.64) and backward 
TaBle 1 | clinical diagnosis and gender distribution.
clinical characteristics n (%) gender
M F
aDhD 105 (68.1) 70 35
ADHD – inattentive mode of clinical presentation 49 (46.6) 24 25
ADHD – combined mode of clinical presentation 39 (37.3) 32 7
Hyperactivity/impulsivity predominance 17 (16) 14 3
Desr + (aDhD with comorbidity) 46 (44) 33 13
no aDhD 49 (31.9) 35 14
Learning disabilities 7 (14.3) 4 3
Alterations in family dynamics 10 (20.4) 6 4
Mental disability (<85) 16 (32.5) 9 7
Adaptive difficulties 16 (32.6) 20 6
aDhD with comorbidity 59 (56) 33 26
aDhD without comorbidity 46 (44) 27 19
Anxiety disorder 30 (66.6) 19 11
Oppositional-defiant disorder 11 (24.2) 9 2
Conduct disorder 4 (9) 3 1
Bipolar disorder 4 (9) 3 1
Depression 4 (9) 3 1
M, male; F, female.
TaBle 2 | Distribution of mean scores on cPT and cBcl.
cBcl 
oppositional
cBcl 
conduct
cBcl 
attention
cBcl 
time
CPT omission −0.015 0.105 0.139 0.078
0.924 0.514 0.387 0.627
41 41 41 41
CPT 
commission
−0.038 −0.047 0.044 −0.101
0.814 0.773 0.786 0.529
41 41 41 41
CPT Hit Rt 0.130 0.176 0.109 0.022
0.419 0.271 0.499 0.893
41 41 41 41
CPT 
perseveration
−0.130 0.051 0.102 0.055
0.419 0.753 0.524 0.734
41 41 41 41
visual-spatial working memory (Corsi test). Children with high 
hyperactivity and impulsivity scores on behavioral scales showed 
poor performance on working memory tasks.
DiscUssiOn
This study aimed to compare the neuropsychological profile of 
symptomatic children and adolescents presenting comorbid-
ity with ADHD with those suffering from ADHD without 
comorbidity.
In recent years, the role of multidisciplinary evaluation of 
ADHD has been constantly reviewed and involved several cent-
ers in different countries (28). Therefore, the current priority is 
to find new ways of making the diagnosis more precise. ADHD 
comorbidities, such as ODD, AD, DD, and LD, can be more accu-
rately diagnosed after multidisciplinary and neuropsychological 
assessment. Using a detailed testing protocol, our study found 
that only 31.9% of cases did not meet broader clinical criteria 
(Table 1). This finding emphasizes the risk of ADHD diagnosis 
being based on behavioral scales that are not completely precise 
instruments for the detection of neuropsychological endopheno-
types, including teacher-reported behavioral scales. In this study, 
the hyperactivity variable measured by the EACIP scale was the 
only one to show a positive correlation with the final ADHD 
diagnosis (Table  3). Many different hypotheses relating to the 
neuropsychological impact on ADHD have prompted several 
studies and efforts to determine the clinical advantages of neu-
ropsychological tests in multiple areas related to motor inhibition 
(37), planning and organization (39), and working memory (38).
Conners’ CPT is widely utilized to test for sustained attention 
and inhibition due to ease of administration and a broad profile 
allowing age-group distribution for parameters closely related to 
attention ability, such as reaction time, omission, and commis-
sion errors.
Our study showed that Conners’ CPT was sufficiently sensi-
tive to distinguish cases that met the criteria for clinical ADHD 
from non-ADHD profiles, but not for absolute differentiation 
between the ADHD modes of clinical presentation, because 
significant differences were found for omission scores alone 
(Table  2). ADHD  +  comorbidity children presented slower 
reactions and more omission and commission errors than 
ADHD-non-comorbid or non-ADHD children, which matches 
findings reported in the literature (43, 44). The specificity of the 
CPT variables is quite contradictory and sometimes inconsist-
ent, especially when differentiating the ADHD mode of clinical 
presentation (45, 46). Furthermore, the small differences 
found in the correlations between the ADHD mode of clinical 
presentation may have been influenced by the relatively small 
number of cases in the hyperactive/impulsive clinical presen-
tation, but this finding is in line with those of other authors 
(28), who reported that although the CPT is highly sensitive 
(approximately 88% when detecting ADHD), it not very spe-
cific (20–37%) for different modes of clinical presentation. On 
the other hand, in our study, ADHD cases that met the criteria 
for oppositional and/or CD presented a higher frequency of 
omission, reaction time, Hit RT block change and variability 
indices (Table 2).
TaBle 3 | Distribution of mean scores on neuropsychological tests.
neuropsychological 
assessment
no aDhD (n = 49) group 1 
(mean + sD)
aDhD (n = 39) group 2 (combined) 
(mean + sD)
aDhD (n = 49) group 3 (inattentive) 
(mean + sD)
statistic test
EACIP – hyperactivity 60.8 (22) 82.8 (28.3) 57.9 (45.8) F(112, 2)a,b,c =
EACIP – inattentiveness 14.6 (85) 15.6 (7.6) 15.0 (8.6) F(112, 2) =
EACIP – negative social 
interaction
9.2 (5.4) 8.2 (5.4) 4.3 (4.5) F(112, 2) =
Rey Fig copy 60 (11) 32.3 (12) 44.6 (11) F(112, 2)a,b,c =
Rey Fig memory 80.8 (13) 51.8 (13) 40.6 (8) F(112, 2)a,b,c =
Digits (backward) 4 (1.3) 2.6 (1.7) 2.1 (1.0) F(112, 2) =
Digits (forward) 5 (0.6) 4 (0.6) 3.8 (0.7) F(112, 2) =
Corsi (forward) 4.3 (0.6) 4.4 (0.7) 4.1 (0.6) F(112, 2) =
Corsi (backward) 4.0 (1.1) 3.0 (1.2) 2.3 (1.2) F(112, 2) =
CPT omission 12.2 (12.7) 30.2 (28.7) 52.9 (34.2) F(112, 2)a,b,c =
CPT commission 12.3 (8) 21.5 (8) 25.3 (5.2) F(112,2)a,b =
Reaction time 337.3 (80) 537.3 (100) 641.1 (90.3) F(112,2)a,b =
Variability 21.5 (20) 41.5 (22) 58.1 (13.3) F(112, 2)a,b =
Perseveration 11.1 (12) 20.1 (12) 19.3 (12.6) F(112, 2)a,b =
aSignificant difference between groups 1 and 2.
bSignificant difference between groups 1 and 3.
cSignificant difference between groups 2 and 3.
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Conners’ CPT as an isolated paradigm that is not ideal for 
diagnosing the modes of clinical presentation, but it is useful for 
assessing the overall impact of ADHD on the cognitive domain 
and for separating purely contextual cases. It is also particularly 
sensitive for cases of comorbidities, such as ODD and CD 
(Table 2).
For Rey complex figure visual-constructive and visual-spatial 
skills, we found a negative correlation between percentile perse-
veration in Conners’ CPT and drawing a figure from memory. 
The higher the performance on the memory test, the lower the 
perseveration on the CPT (Table 3). We contend that this result is 
related to the EF in ADHD children. Homack and Riccio (47) and 
Shin et al. (48) suggested that while the Rey complex figure is very 
suitable for delimiting patterns of spatial planning/organization, 
it is not sufficiently specific to differentiate ADHD children. The 
Rey complex figure, which requires spatial planning and visual-
constructive skills, proved to be a useful means of assessing the 
effect of attention on spatial functions. In this respect, its figure 
copy and memory modules may reflect the modulation of visual-
selective attention and self-monitoring, which are essential for 
organizing and planning complex activities (39), thus suggest-
ing that poor performance on this task associated with higher 
scores for perseveration on the CPT may reflect an executive 
dysfunction.
The negative correlations (Table  3) we observed between 
working memory scores (digits span and Corsi blocks tests) and 
omissions and commissions on the Conners’ CPT reinforced 
the key role of functional memory as the origin of cognitive and 
behavioral functions associated with ADHD (1, 47).
In combined ADHD cases (score >6 for hyperactivity), 
performance correlated positively with more omissions, reaction 
time, and variability of answers in the CPT (Table 2).
Several studies showed a high prevalence of comorbidities of 
approximately 20–50% (4, 5). Our study found comorbidities 
in 44% of diagnosed cases, which shows the importance of an 
interdisciplinary approach, because many disorders associated 
with ADHD, such as AD and CD, require different clinical inter-
ventions and approaches. We also found that ADHD + comor-
bidity children with ODD and CD performed worse on the CPT 
(Table  2). This reinforces the idea that comorbidities have a 
greater impact on cognitive, executive, and attention performance 
of ADHD patients (49). The impairment in brain circuits most 
replicated in both ADHD (50) and comorbidities (51) is related 
to the frontal and DLPFC being linked to inhibitory control tasks 
more pronounced in comorbid cases. Thus, impaired interfer-
ence control observed in CPT, such as commission and omission 
scores, might be a potential neuropsychological signature of 
clinical severity or suggest involvement of additional limbic areas 
such as orbitofrontal cortex modulating emotional regulation 
process (34).
Although ADHD has long been conceptualized as a deficient 
self-regulation disorder, researchers have only recently focused 
on DESR. DESR refers to (1) deficits in self-regulation of physi-
ological arousal due to strong emotions, (2) difficulties inhibiting 
inappropriate behavior in response to either positive or negative 
emotions, (3) problems refocusing attention from strong emo-
tions, and (4) disorganization of coordinated behavior in response 
to emotional activation (20). Clinically, DESR traits include low 
frustration tolerance, impatience, being quick to anger, and being 
easily excited to react emotionally. Although these traits may be 
a source of significant morbidity, there has been little research on 
the subject and uncertainties remain as to how best to measure 
it. We found that ADHD children via CBCL-DESR profile were 
at a significantly increased risk for social impairment, including 
poorer functioning with peers, siblings, and parents in all four 
major role areas: school, spare time, peer relations, and home 
life. These findings are consistent with those of Whalen and 
Henker (52) in that emotional dysregulation in ADHD children 
disrupted reciprocity and cooperative activities involved in peer 
relationships, as well as the findings by Barkley (53) in that DESR 
November 2015 | Volume 6 | Article 1636
Rizzutti et al. Neuropsychological Profiles and Behavioral in ADHD
Frontiers in Psychiatry | www.frontiersin.org
might account for a significant portion of the prominent social 
dysfunction documented in ADHD. The latter speculated that 
DESR may trigger negative reactions from peers, siblings, and 
parents which in turn leads to further poor social responses from 
the affected child (53). Some children fail to achieve behavioral 
and attentional self-regulations as they grow up leading to dis-
ruptions in their adaptive and academic functioning in school, 
daycare, and at home (54).
ROC curve analyses showed close correlations with CBCL 
scales for ADHD + comorbidity children, particularly ODD and 
CD cases via Pearson’s test (0, 61). ODD cases showed CPT score 
alterations especially for vigilance adaptation (Hit RT), commis-
sion, and perseveration. These findings may be related to low 
inhibitory and impulsivity control in ADHD + comorbidity cases.
Although our paper only reassures the known close relation 
between the severity of neuropsychological profile with behav-
ioral symptoms of children with ADHD (8, 23, 42), it brings 
complementary data suggesting that in cases with comorbidities 
there is also a greater involvement of large neural networks. The 
distinction between cool (cognitive modulation of information) 
and hot EFs linked to emotional self-regulation and the reward 
system might underlying such different traits. It can be essential 
to identify behavior risk factors in these children. Therefore, early 
recognition of such emotional markers might help the multidis-
ciplinary team to recognize neuropsychological patterns to adopt 
preventive measures including psychological support, parental 
guidance, and appropriate drug treatment.
Overall, our study suggests multiple connections between 
neuropsychological test scores, which are useful for a more 
detailed delimitation of the clinical profile and outcome signal-
ing comorbidities in ADHD children. Therefore, our study pro-
vides evidence regarding the neuropsychological deficits of these 
patients, so that techniques that might improve low inhibitory 
and interference control should be included in the rehabilitation 
techniques in children and adolescents with ADHD + comor-
bidities. A larger sample will help us to determine clinical 
and neuropsychological indicators that may lead not only to a 
more precise diagnosis but early detection of neurocognitive 
outcome that can also help us to select rehabilitation strategies 
for better social and cognitive inclusion of ADHD children and 
adolescents.
limitations
This study should be considered in the light of its limitations. 
Data were derived from a limited sample, and as such, our results 
might not be extrapolated to clinical settings. Co-occurrence of 
internalized and externalized problems and demographic and 
clinical heterogeneity of the samples may limit generalization of 
our findings.
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